A Gram-reaction-positive, endospore-forming, aerobic bacterium, designated strain CY1 T , was isolated from iron mineral soil of Hunan Province, China. The isolate was rod-shaped and motile by means of peritrichous flagella. The major cellular fatty acids were anteiso-C 15 : 0 and iso-C 16 : 0 and the major quinone was menaquinone 7. The major polar lipids were phosphatidylglycerol and diphosphatidylglycerol phosphatidylethanolamine. The genomic DNA G+C content was 50.5 mol% and the major diagnostic diamino acid in cell-wall peptidoglycan was mesodiaminopimelic acid. Phylogenetic analyses based on the 16S rRNA gene sequence indicated that strain CY1
39-59 mol% (Shida et al., 1997; Montes et al., 2004; Takeda et al., 2005; Yao et al., 2014) . All members of the genus Paenibacillus for which polar lipid data are available show diphosphatidylglycerol (DPG) as the major polar lipid (Xiang et al., 2014) ; some species also contain phosphatidylethanolamine (PE) (Kim et al., 2010; Tang et al., 2011) and phosphatidylglycerol (PG) . In this study, the taxonomic position of strain CY1
T was determined by means of polyphasic taxonomic analyses based on the minimal standards for description of aerobic, endosporeforming bacteria (Logan et al., 2009; Tindall et al., 2010) .
Strain CY1
T was isolated from iron mineral soil collected in Yuanjiajie Mountain, Zhangjiajie, Zhangjiajie City, Hunan Province, PR China (29 u 359 N 110 u 549 E, with an elevation of 860 m). The pH (in water) of the soil was pH 4.85 and the soil concentrations of C, N, P and K were 21.18, 1.57, 0.42 and 6.71 mg kg 21 (dry weight soil), respectively. Bacterial isolation was performed using 1/10 TSA (tryptic soy agar, pH 7.3; Difco). Soil (5 g) was serially diluted, plated on 1/10 TSA and incubated at 28 u C for 5 days. Single colonies were subcultivated several times to obtain a pure isolate.
The nearly full-length 16S rRNA gene sequence of strain CY1 T was analysed as described by Fan et al. (2008) . The sequence obtained was initially compared with the sequences available in the EzTaxon-e server (Kim et al., 2012) , and subsequently aligned with its close relatives using the CLUSTAL X program software package (Thompson et al., 1997 Saitou & Nei, 1987) , maximum-parsimony (MP; Fitch, 1971) and maximumlikelihood (ML; Felsenstein, 1981) trees were reconstructed using MEGA version 5.0 software (Tamura et al., 2011) . Distances were calculated according to Kimura's twoparameter method (Kimura, 1980) and bootstrap analysis was based on 1000 resamplings (Felsenstein, 1985) . The resulting MP tree is shown in Fig. 1 , which revealed that strain CY1
T belongs to a cluster containing the above four closely related strains of the genus Paenibacillus. Analyses using NJ and ML methods gave similar results (Figs S1 and S2, available in the online Supplementary Material).
For polyphasic taxonomic characterization, four closely related strains, P. chondroitinus DSM 5051
T and the type strain of the type species, P. polymyxa DSM 36 T , were used as reference strains. They were routinely grown on nutrient agar medium (NA; Difco) at 28 u C for 2 days unless otherwise stated. Colony morphology was observed on NA plates. Gram reactions were determined as described by Dussault (1955) and combined with the KOH (3 %, w/v) non-staining method (Ryu, 1938) . A motility test was performed using NA with 0.3 % (w/v) agar. Cell morphology and flagella were observed using a transmission electron microscope (H-7650; Hitachi) with cells grown for 2 days at 28 u C on 1/2 R2A (Difco) slopes (1.5 % (w/v) agar) since we observed that the cells were cleaner and more easily washed using 1/2 R2A. Sporulating cells were observed using a phase-contrast microscope (BX51M; Olympus) with cells grown at 28 u C for 5 days on 1/2 R2A. Growth at different temperatures (4, 15, 20, 28, 32, 37 and 42 u C) was tested on NA for 7 days. Growth at pH 3, 4, 5, 6, 7, 8, 9 and 10 and with 0-5 % (w/v) NaCl (0.5 % intervals) was tested using nutrient broth medium (NB; Difco) at 28 u C for 7 days. The NB medium adjusted to different pH values was prepared with the following buffer systems: pH 3.0-7.0, 0.1 M citric acid/ 0.2 M Na 2 HPO 4 ; pH 8.0-9.0, 0.2 M Tris/0.2 M HCl; pH 10.0, 0.05 M NaHCO 3 /0.1 M NaOH. Growth under anaerobic conditions on NA plates was investigated using an anaerobic chamber (Mitsubishi Gas Chemical) at 28 u C for 2 weeks. Growth on TSA, R2A, MacConkey agar and Luria-Bertani (LB) agar (all from Difco) was also investigated. Catalase and oxidase activities, hydrolysis of casein, gelatin, starch, aesculin, L-tyrosine and DNA, urease activity, nitrate reduction, methyl red, Voges-Proskauer reaction, 
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Paenibacillus pocheonensis Gsoil 1138 T (AB245386) *64 *76 *61 *86 replications are shown at branch nodes. *, Corresponding nodes were also obtained using both neighbour-joining and maximum-likelihood methods. Bacillus subtilis NCDO 1769 T (X60646) and Lysinibacillus boronitolerans 10a T (AB199591) were used as outgroups. Bar, 20 substitutions. citrate utilization, production of H 2 S and NH 3 and indole production were tested as described by Barrow & Feltham (1993) . Hydrolysis of CM-cellulose, Tween 20 and Tween 80 was tested as described by Smibert and Krieg (1994) . Egg yolk reaction was tested on NA with 10 % (v/v) egg yolk emulsion (17148; Sigma). Acid production from various carbohydrates was determined according to Leifson (1963) and gas from carbohydrates was analysed in liquid medium as described by Claus & Berkeley (1986) . Utilization of single carbon substrates and single nitrogen substrates was tested as described by Dong & Cai (2001) . Additional physiological and biochemical properties, enzyme activities, and carbon and energy sources were examined using API 20NE, ID 32GN, API 50CHB and API ZYM systems (bioMérieux) according to the manufacturer's instructions, and some of these tests were performed in combination with traditional methods.
Strain CY1
T was Gram-reaction-positive, aerobic, motile and produced endospores. Cells were rod-shaped with peritrichous flagella, 0.5-0.8 mm wide and 4.2-5.7 mm in length (Fig. S3 ). Endospores were formed and lay terminally or subterminally in swelling sporangia (Fig. S3) . Colonies on NA medium were yellowish to creamy-white, smooth, circular and with approximate diameters of 1-2 mm after 2 days of growth at 28 u C. Growth was observed at temperatures and pH ranging from 4-37 u C and pH 5.0-8.0, respectively. Optimal growth occurred at 28 uC and pH 6.0-7.0, respectively. Strain CY1
T showed optimal and moderate growth on NA/R2A and TSA, respectively, but did not grow on MacConkey agar. Other characteristics of strain CY1
T are listed in the species description and the differences in phenotypic characteristics between strain CY1
T and the five reference species are given in Table 1 .
Analysis of fatty acids of strain CY1
T and five highly related reference strains was performed under the same laboratory conditions according to the instructions of the Microbial Identification System (Sherlock version 4.5, database TSBA40 4.10; MIDI) (Sasser, 1990) . The strains were cultivated for 36 h in TSB at 28 u C until the bacteria reached the mid-exponential phase of growth. Analysis of peptidoglycan was carried out using TLC as described by Schumann (2011) . Menaquinones were extracted as described by Collins et al. (1977) from lyophilized cells grown in NB at 28 u C for 2 days and then analysed by HPLC according to Xie & Yokota (2003) . Polar lipids of strain CY1 T and P. chondroitinus DSM 5051
T were determined by two-dimensional TLC as described by Minnikin et al. (1979 Minnikin et al. ( , 1984 . The DNA G+C content of strain CY1
T was determined by HPLC according to the method of Tamaoka & Komagata (1984) . Levels of genomic DNA-DNA relatedness between strain CY1
T and its close relatives were determined by DNA-DNA hybridization according to the thermal denaturation and renaturation method (Huss et al., 1983) .
The major fatty acids (.5 %) of strain CY1
T comprised anteiso-C 15 : 0 (63.4 %), iso-C 16 : 0 (11.7 %), iso-C 15 : 0 (6.8 %) and C 16 : 0 (5.8 %). No significant quantitative differences were found when compared with the five related species within the genus Paenibacillus (Table S1) . Analysis of the cell-wall peptidoglycan showed that CY1
T contained meso-DAP as the major diagnostic diamino acid. The major quinone of strain CY1
T was MK-7 (94.8 %) and a small amount of MK-8 (5.2 %) was also found. The predominant menaquinone was the same as that of the type species and other members of the genus Paenibacillus Yao et al., 2014) . The polar lipids of strain CY1 T consisted of DPG, PG, PE, unknown aminophospholipid (APL), a glycolipid and three unknown lipids. P. chondroitinus DSM 5051
T contained DPG, PG, PE, APL and two unknown lipids (Fig. S4) . The DNA G+C content of strain CY1
T was 50.5 mol%, which was similar to those of the related species of the genus Paenibacillus. Meanwhile, strain CY1
T showed low DNA-DNA relatedness to P. chondroitinus DSM 5051 T (49 %), P. pocheonensis KCTC 13941 T (34 %) and P. frigoriresistens JCM 18141 T (15 %). The low DNA-DNA relatedness values (,70 %) between strain CY1
T and its close relatives suggest that strain CY1
T represents a novel species of the genus Paenibacillus (Stackebrandt & Goebel, 1994; Tindall et al., 2010) .
Although strain CY1 T shared many features with existing species of the genus Paenibacillus, the low DNA-DNA hybridization values and the phenotypic and chemotaxonomic results provide evidence to demonstrate that strain CY1
T represents a novel species of the genus Paenibacillus (Stackebrandt & Goebel, 1994; Tindall et al., 2010) . Strain CY1 T was positive in the test for acid production from inositol, but the five reference strains were all negative. Strain CY1
T also showed differences from the closely related reference strains in growth at 4 u C, hydrolysis of Tween 80, activities of alkaline phosphatase, valine arylamidase, a-chymotrypsin, a-galactosidase and a-glucosidase, assimilation of L-rhamnose, D-ribose and glycogen and acid production from D-ribose, D-xylose, rhamnose, inositol, methyl a-D-mannoside, N-acetylglucosamine, and L-fucose (Table 1) . On the basis of the phylogenetic, chemotaxonomic and biochemical data, strain CY1
T is considered to represent a novel species of genus Paenibacillus, for which the name Paenibacillus ferrarius sp. nov. is proposed.
Description of Paenibacillus ferrarius sp. nov.
Paenibacillus ferrarius (fer.ra9ri.us. L. masc. adj. ferrarius belonging to iron, referring to the isolation site of the type strain).
Cells are Gram-reaction-positive, aerobic and endosporeforming rods with peritrichous flagella. The rods are 0.5-0.8 mm wide and 4.2-5.7 mm in length. Colonies on NA medium are yellowish to creamy-white, circular, flat, smooth and 1-2 mm in diameter after incubation at 28 u C for 2 days. Grows on NA, R2A agar, 10 % (w/v) TSA, full-strength TSA and LB agar, but does not grow on MacConkey agar. Growth occurs at 4-37 u C (optimal at 28 u C), pH 5.0-8.0 (optimal at pH 6.0-7.0) and in NB with 0-1.5 % (w/v) NaCl. Positive result for oxidase and catalase activities, hydrolysis of Tween 80 and aesculin and production of NH 3 and H 2 S, but negative for nitrate reduction, citrate utilization, methyl red and VogesProskauer tests, egg yolk reaction, production of indole, and hydrolysis of starch, gelatin, casein, urea, L-tyrosine, arginine, Tween 20, DNA and CM-cellulose. Acid, but no gas, is produced from D-glucose. Acid and gas are produced from maltose. In the API ZYM system, the following enzyme activities are positive: alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-galactosidase, a-glucosidase and b-fucosidase; the following enzyme activities are negative: lipase (C14), cystine arylamidase, trypsinase, a-chymotrypsin, a-galactosidase, b-glucuronidase, b-glucosidase, N-acetyl-b-glucosaminidase and a-mannosidase. In API 20NE and ID 32GN and using traditional methods, the following substrates are utilized as sole carbon and/or nitrogen sources: rhamnose, N-acetylglucosamine, sucrose, maltose, glycogen, mannitol, D-glucose, salicin, melibiose, D-sorbitol, L-arabinose, mannose, D-xylose, ammonium nitrate and L-proline; the following substrates are not assimilated: D-ribose, inositol, itaconate, suberate, malonate, acetate, DL-lactate, L-alanine, 5-ketogluconate, 3-hydroxybenzoate, L-fucose, propionate, caprate, valerate, 2-ketogluconate, 3-hydroxybutyrate, 4-hydroxybenzoate, gluconate, adipate, malate, trisodium citrate, phenylacetate, L-serine, histidine, cysteine and sodium nitrite. In the API 50CHB system, acid is produced from glycerol, L-arabinose, ribose, D-xylose, methyl b-Dxyloside, D-galactose, D-glucose, mannose, rhamnose, inositol, mannitol, methyl a-D-glucoside, N-acetylglucosamine, amygdalin, arbutin, aesculin, salicin, cellobiose, maltose, lactose, melibiose, sucrose, trehalose, raffinose, starch, glycogen, gentiobiose, turanose and L-fucose, and produced weakly from erythritol, D-arabinose, L-xylose, fructose and sorbose, but not produced from adonitol, dulcitol, sorbitol, methyl a-D-mannoside, inulin, melezitose, xylitol, D-lyxose, D-tagatose, D-fucose, D-or L-arabitol, gluconate, 2-ketogluconate or 5-ketogluconate. The major quinone is MK-7 and small amount of MK-8 is also found. The diagnostic diamino acid of the cell-wall peptidoglycan is meso-DAP. The major polar lipids are DPG, PG and PE. The major fatty acids are anteiso-C 15 : 0 and iso-C 16 : 0 . Growth at 4 u C + -- The type strain is CY1 T (5KCTC 33419 T 5CCTCC AB2013369 T ) isolated from iron mineral soil, Zhangjiajie, Hunan province, PR China. The DNA G+C content of the type strain is 50.5 mol%.
